Background/Aims: Brain natriuretic peptide (BNP) is secreted by cardiomyocytes under stretch condition. High blood levels are associated with decreased patient survival in heart failure patients and in hemodialysis (HD) patients. We report the monthly BNP change in the first months of HD therapy in incident patients and its relationship with fluid removal and cardiac history (CH). Methods: All patients starting HD therapy in our unit from May 2008 to December 2012 were retrospectively analyzed. Every month (M1 to M6), BNP was assessed before a midweek dialysis session. CH, monthly pre-and postdialysis blood pressure, and postdialysis body weight were collected. Results: A total of 236 patients were included in the analysis. The median BNP at HD start was 593 (175-1,433) pg/mL, with a significant difference between CH-and CH+ patients (291 vs. 731 pg/mL, p < 0.0001). Mortality was significantly higher in patients in the higher BNP tertile. BNP decreased significantly between M1 and M2 and then plateaued. The BNP change between M1 and M2 and between M1 and M6 was significantly correlated with the initial fluid removal. Applying stepwise multiple regression, the BNP change between M1 and M2 was significantly and independently related to fluid
Introduction
Brain natriuretic peptide (BNP) is secreted by cardiomyocytes under stretch condition [1] . In heart failure patients, high BNP blood levels are associated with decreased patient survival [2] . This association has also been reported in hemodialysis (HD) patients, for whom it is difficult to know whether a BNP increase is related to the cardiac condition, fluid excess, or both. Zoccali et al. [3] found that BNP is a strong predictor of both left ventricular mass and ejection fraction. However, we have shown in a small cohort of incident HD patients that the initial fluid removal is significantly associated with BNP decrease. It is suggested that BNP is a surrogate of fluid excess and its consequences on the cardiac structure. However, BNP as an indicator of fluid status remains controversial [4] . In our unit, we perform monthly assessment of plasma BNP level in all patients. In this study, we report the BNP change in the first months of HD therapy in incident patients, its relationship with fluid excess correction, and its relationship with cardiac history (CH) and patient survival.
Subjects and Methods
From May 2008 to December 2012, all incident HD patients in our unit were included in this retrospective study. The end of the follow-up was September 2014. All dialysis parameters and biological data were integrated in an electronic heath record (Winlap ® , Metz, France). The BNP level was assessed at dialysis onset, then averaged monthly in case of several monthly data from month 1 (M1) to month 6 (M6). BNP from predialysis midweek session blood samples was assessed routinely. The BNP level was determined using a chemiluminescent microparticle immunoassay on i8200 (Architect Abbott, Paris, France; The Grand Vallon's Biochemistry Laboratory, Cerballiance, Sainte-Foy-lès-Lyon, France). The normal value is <100 pg/mL. For each patient were collected the CH including coronary artery disease, valve disease, heart failure, left ventricular hypertrophy, and arrhythmia. A patient was considered to have a CH if he presented one of these conditions (presence, CH+; absence, CH-). In addition, were collected the monthly average of pre-and postdialysis blood pressure (BP) as well as the postdialysis prescribed body weight (BW). The initial BW decrease was calculated as the difference between the BW at the first HD session and that after 8 weeks, the nadir of BW change as previously reported [5] .
Statistical Analysis
The data are presented as median and interquartile range. The patients were studied as a whole group as well as in the CH-and CH+ subgroups. Differences between the subgroups were compared using MannWhitney and χ 2 tests. The BNP at M1 (M1BNP) was analyzed using stepwise multiple regression. Survival among M1BNP tertiles was studied using Kaplan-Meier and multivariate Cox analysis including age, gender, albumin, C-reactive protein, cancer and CH, diabetes, and M1BNP tertiles. The monthly BNP change was studied applying the Friedman test for repeated measures. The BNP difference between M1 and M2 and between M1 and M6 was consecutively calculated in the whole group as well as the CH-and CH+ subgroups and compared using the Wilcoxon test. Relationships between BNP and systolic BP changes were studied using Spearman rank correlation and multiple regression analysis. Survival according to M6BNP was evaluated with Kaplan-Meier and Cox analysis.
Results

Patient Cohort
Among 242 incident patients from May 2008 to December 2012, 236 were included after exclusion of 6 patients because of missing data. The patient characteristics are displayed in Table 1 . All patients were under high-efficiency HD with high-flux polysulfone dialyzers and prescribed blood and dialysate flows of 300-350 and 500 mL/min, respectively, after several weeks. The average treatment time at 3 months was 4.8 h. The median follow-up was 2.2 years (range, 0.8-3.2). CH was present in 153 patients (64.8%) as coronary artery disease (21.2%), arrhythmia (12.8%), heart failure (13.2%), left ventricular hypertrophy (48%), valve disease (7.2%), or other cardiac disease (8.5%). These CH+ patients were older, with more catheters at HD onset. Diabetes, long-lasting hypertension history, and male gender prevalence were higher, but without reaching significance ( Table 1 ).
M1BNP
The median BNP level at M1 was 593 (175-1,433) pg/mL. It was significantly higher in CH+ patients (731 vs. 291 pg/mL). According to the multiple regression analysis, the M1BNP level was positively and independently associated with age ( p = 0.0020), C-reactive protein ( p = 0.0007), and CH (0.0026), but not with gender, serum albumin, or body mass index (BMI). The prognostic value of BNP at M1 in the whole group is displayed in Figure 1 . Mortality was significantly higher in the higher M1BNP 3rd tertile when compared to the 1st and 2nd tertiles ( p < 0.0001; 13, 18, and 39 deaths in the 1st, 2nd, and 3rd tertiles, respectively; 3rd-tertile hazard ratio = 3.9, 95% CI = 2.2-6.9). The Cox analysis found that only age ( p = 0.0024) and the 3rd BNP tertile at M1 ( p = 0.0050, 95% CI = 1.20-2.71) were associated with the patients' mortality, whereas serum albumin, BMI, C-reactive protein, gender, CH, and diabetes were not. The same analysis was performed for M1BNP in the CH-patients. There were 4, 4, and 7 deaths in the 1st, 2nd, and 3rd tertiles, respectively, and the log-rank test was marginally significant ( p = 0.043). In CH+ patients 9, 14, and 32 deaths were observed in the 1st, 2nd, and 3rd tertiles, respectively (log-rank test p = 0.0004).
BNP Change during the First 6 Months
The median BNP level decreased significantly between M1 and M2 from 610 (191-1,361) to 291 (113-753) pg/mL ( p < 0.0001). Figure 2 displays median BNP from M1 to M6 (125 patients with complete data). BNP declined significantly between M1 and M2 and then plateaued as shown in the figure (Friedman test analysis; p < 0.0001). From M2 to M6, BNP was significantly lower than at M1. M2BNP was significantly higher than M4BNP, M5BNP, and M6BNP. Between M1 and M2, the median BNP decreased from 382 (137-1,199) to 196 (76-567) pg/mL in CH-patients ( p = 0.0001) and from 729 (221-1,561) to 395 (133-887) pg/mL in CH+ patients ( p < 0.0001). The proportion of patients with a normal BNP value (<100 pg/mL) increased from 8.4% at M1 to 21% at M2 and 35% at M6 ( Fig. 3 reports the paired comparison between M1 and M6 in the whole group). At M6 the BNP level was <100 pg/mL in 45% of CH-and 30% of CH+ patients.
The BNP change between M2 and M1 was related to the initial BW decrease in the whole group ( r = 0.29, p = 0.0001; Fig. 4 change in BNP between M1 and M6 and the percent change in predialysis systolic BP between M1 and M6 was of borderline significance ( p = 0.068). Analyzed using multiple regression, the BNP change between M1 and M2 was significantly associated with initial fluid removal ( p = 0.0014), but not with age, gender, diabetes, BMI, CH, or cancer history. The survival analysis applying the Kaplan-Meier method displayed a significantly higher risk of death for the higher BNP tertile at M6 in the whole group ( Fig. 5 , with 7, 6 , and 26 deaths in the 1st, 2nd, and 3rd tertiles, respectively; log-rank test p < 0.0001). In CH+ patients, the higher M6BNP tertile was also significantly associated with increased mortality (log-rank test p = 0.0002, with 5, 4, and 21 deaths in the 1st, 2nd, and 3rd tertiles, respectively), but it remained borderline for CH-patients (log-rank test p = 0.051, with 2, 2, and 5 deaths in the 1st, 2nd, and 3rd tertiles, respectively). In the multivariate Cox analysis applied to the whole group, age and M6BNP were independently associated with mortality, whereas BMI at M6, diabetes, CH, gender, and predialysis systolic BP at M6 were not. Receiver operating characteristic curve analysis of the whole group showed an area under the curve of 0.72 ( p < 0.0001) and a BNP threshold of 359 pg/mL ( Fig. 6 ) . In CH-and CH+ patients the area under the curve was 0.71 in both subgroups, with a BNP threshold of 413 and 359 pg/mL, respectively. 
Discussion
Our data confirm that BNP is a marker of fluid overload in incident dialysis patients, with a significant reduction associated with fluid removal. Probing for dry weight remains a cornerstone of the management of incident patients in our unit, with correction of high BP with a nadir of postdialysis BW at the end of M2 [5, 6] . We found a significant correlation between the initial fluid removal and the BNP change between M1 and M2, but also between M1 and M6. The high BNP levels at dialysis start underline the deleterious effect of fluid excess on the heart. Fluid accumulates early all along the progression of chronic kidney disease [7] . Fluid removal by probing alleviates this burden and besides hypertension improvement, the BNP decrease highlights the beneficial cardiac effect of fluid management. Receiver operating characteristic curve analyzing the sensitivity and specificity of M6BNP on survival in the whole group of patients.
As previously reported in a small number of patients [8] , we confirm here that the patients' CH influences the BNP level, but we found that even in these patients, fluid overload is a main explanatory parameter of the BNP level. BNP is a marker of cardiac stretch under the effect of fluid overload. It is used in emergency rooms to differentiate dyspnea from cardiac and pulmonary origins [9] . Recently, it has been recognized that beside fluid overload ("wet BNP"), BNP increase may occur independently of fluid overload ("dry BNP") [10] . This explains why patients with cardiac disease (referred to as CH+ patients in our study) have higher BNP levels, complicating their interpretation in dialysis patients prone to fluid excess. However, our findings demonstrate that even though fluid removal normalizes BNP less frequently in CH+ than in CH-patients (30 vs. 45%), the significant BNP decrease under probing highlights the contribution of fluid excess even in CH+ patients.
Recently, direct measurement of fluid excess using bioelectrical impedance analysis (BIA) techniques clearly found an association of fluid excess and BNP increase. Tapolyai et al. [11] reported an exponential relationship between the BNP level and the fluid excess assessed using a multifrequency BIA device (BCM ® ), with a high specificity of BNP level increase in patients with relative fluid overload >15%, the level associated with increased mortality when patients' fluid status is assessed with this device [12, 13] . In another study and using another BIA multifrequency device, Sivalingam et al. [14] found a significantly higher BNP level and a much lower proportion of patients with normal BNP values (<100 pg/mL) in overhydrated patients. Moreover, Celik et al. [15] reported a significant BNP increase from baseline during the hospital stay in patients with acute complications requiring prolonged hospitalization. Concomitantly a significant decrease in postdialysis BW was associated with a BNP decrease within several weeks after discharge. Our hypothesis is that acute complications trigger catabolism and disrupt fluid balance reflected by the BNP increase. However, in that study we were not able to correlate the BNP and BW changes. The number of patients was small (42), and there was a large heterogeneity of clinical conditions. However, Ohashi et al. [16] recently pointed out the critical role in of body cell mass decrease dialysis patients, reflected by extracellular and intracellular fluid imbalance, and its relationship with BNP increase, confirming our hypothesis. BNP as a marker of fluid overload has been disputed by Agarwal [4] based on an ancillary analysis of the DRIP study [17] . The DRIP study is the first and only randomized controlled trial showing that probing is efficient to decrease BP in hypertensive prevalent HD patients. A group of patients underwent additional ultrafiltration (UF) and was compared to a control group with no additional UF. Opposite to our data, in that study BNP change was not found to be associated with BW or BP changes. Surprisingly, BNP decreased also in the control group during the 8-week study period; the reason is not clear. Moreover, the authors found that the BNP change was associated with the baseline BNP value. The BNP median was low, at 93 pg/mL, whereas in our study, the median BNP at M1 was 501 pg/mL. It is possible that the fact that 50% of the patients had normal BNP values introduced a bias in catching BNP changes associated with additional UF. Also, no analysis regarding CH, which can influence the BNP level ("dry BNP" as referred to above), was mentioned in that study. Last but not least, the BW change was not reported. If we refer to the DRIP study [17] , the BW change in the UF group was 1.0 kg after 8 weeks, representing 1.2% of the baseline BW. This BW decrease is much lower than that in our study, where it was 5.2% of the initial BW. It is also possible that a number of patients had to prematurely stop the additional UF because of adverse symptoms (endpoint of the study), impairing the possibility of a significant BNP change.
Regarding BNP as a prognostic factor, we confirmed that the BNP value in the first month of HD therapy is associated with patient survival, as previously reported [3] . It was largely significant in the whole group and in the CH+ patients. However, it was of borderline signifi-cance in CH-patients. The difference between the 2 subgroups (CH-and CH+) may be interpreted by the fact that the BNP increase in incident CH-patients is related to fluid overload that is reversible, and that it reflects a temporary marker of reversible cardiac impairment, efficiently corrected by probing.
Our study has important limitations. It is observational, not interventional, and we cannot ascertain that probing applied in a controlled study would confirm the reduction of BNP level. The DRIP study [17] was controlled, but its own limitations have been discussed above. However, studying incident patients at this very specific moment of the patient pathway reduces the cross-sectional limitations of prevalent cohorts. Moreover, we do not have data of blood volume monitoring (BVM) in our patients. This tool assessing the plasma volume changes during the session related to UF is an indirect marker of fluid overload related to patient survival [18] . A low plasma volume change reflects a higher refilling rate from interstitial spaces. BNP data have been rarely analyzed with BVM. Both van de Pol et al. [19] and De Mauri et al. [20] reported that a higher refilling rate with a flatter BVM slope was associated with higher BNP level, reflecting fluid overload. No comparison exists between these tools in managing fluid in chronic HD patients. Also, we do not have BIA data, as discussed previously. There is urgent need to evaluate prospectively in an interventional study the combination of the direct quantification of fluid overload from BIA, BVM, and BNP as the marker of cardiac impairment related to fluid excess. Finally, urine output and residual renal function were not routinely recorded in our unit, and these data are not available for the current study. The BNP level is not influenced by glomerular filtration rate compared to N-terminal pro-B-type natriuretic peptide [21] . However, we cannot exclude that patients with higher urine volume at M6 may have lower fluid excess or easier fluid management with lower BNP values.
In conclusion, BNP appears as an important tool to assess both fluid overload and fluid excess correction in incident dialysis patients. Its interpretation regarding cardiac status is of primary importance. In a significant proportion of patients, even with cardiac disease, normal BNP can be achieved. Further studies are needed to evaluate the importance of longitudinal BNP follow-up and to determine at which frequency it is needed with a positive benefit/cost ratio. Regarding the high financial burden of fluid overload-related hospitalizations [22] , it may represent a very important tool for the clinician and the community.
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